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MONKEYS : 
Experimental s t u d i e s  o f  t h e  s t r u c t u r e  and f u n c t i o n  of t h e  
aud i to ry  system have i n  t h e  p a s t  u s u a l l y  used as t h e  o b j e c t s  o f  
i n v e s t i g a t i o n  animal s p e c i e s  below t h e  l e v e l  of ;primates.  The 
two animals most f r e q u e n t l y  used i n  such  s t u d i e s  have been t h e  
guinea p i g  and t h e  domestic c a t ,  w i th  o t h e r  spec ie s  being used 
comparatively i n f r e q u e n t l y .  Another paper read  t o  t h i s  ga the r ing  
summarizes some o f  t h e  animal d a t a  which r e i n f o r c e  and c l a r i f y  
some of t he  c l i n i c a l  phenomena ( 7 ) .  I nc reas ing ly ,  pr imates  a r e  
being used a s  s u b j e c t s  i n  s t u d i e s  of norxa l  and impaired 
d i sc r imina t ion  behavior .  I n  t h e  contex t  o f  t h e  da t a  ga thered  
from experimental  s t u d i e s  o f  a u d i t i o n  i n  sub-primate s p e c i e s ,  
t h i s  paper w i l l  p r e s e n t  some d a t a  ga thered  from t h e  s tudy  o f  
normal and b r a i n  damaged monkeys. This  da.ta can then  be eva lua ted  
t o  determine whether it i s  a t  va r i ance  wi th  d a t a  fmm lower 
s p e c i e s ,  i s  i d e n t i c a l  t o  t h e  d a t a  from lower animals,  narrows 
some o f  t h e  gaps between e x i s t i n g  animal experimental  s t u d i e s  
and human c l i n i c a l  obse rva t ions ,  o r  confuses t h e  p i c t u r e  b y .  
uncovering, s p e c i e s - s p e c i f i c  a u d i t o r y  behavior.  
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N a t u r a l i s t i c  observers  and experimerAtcrs agree t h a t  monkeys , 
and probably a l l  pr imates  , a r e  predominantly v i s u a l  animals. That 
i s  t o  say ,  t h e i r  behavior  is  apparent ly  most d i r e c t l y  a f f e c t e d  
by v i s u a l  input  while  input  v i a  o t h e r  sense  moda l i t i e s  s e rves  t o  
enhance, v a r i f y ,  o r  d i r e c t  a t t e n t i o n  t o  sources  o f ,  v i s u a l  
information. Observers of pr imates  i n  t h e i r  naturalrenvironment  
have a l s o  r epor t ed  on t h e  apparent ly  e x c e l l e n t  aud i to ry  a c u i t y  
possessed by monkeys ( l o ) .  It i s  wi th  cons iderable  s u r p r i s e  
then t h a t  t h e  s c i e n t i s t  wanting t o  s tudy a u d i t i o n  i n  primates 
discovers  t h a t  they l e a r n  labora tory- type  aud i to ry  d i sc r imina t ions  
r a t h e r  slowly. This  r e t a r d e d  r a t e  of  l e a r n i n g  is  c l e a r  i f  we 
compare t h e  l e a r n i n g  of v i s u a l  and aud i to ry  d i sc r imina t ions  by 
monkeys, o r  i f  we corrtpare tile r a t e  of aud i to ry  d i sc r imina t ion  
l ea rn ing  i n  cats and monkeys (15).  
Auditory Discr iminat ion Behavior _. of hormal Monkeys I 
i\4ost - o f  t h e  experimental  s t u d i e s  of aud i to ry  d i sc r imina t ion  
by t h e  cat have used e l e c t r i c  shock reinforcement  t o  motivate 
l e a r n i n g e  There have been comparatively few s t u d i e s  of monkey 
aud i to ry  d i sc r imina t ion  behavior us ing  e l e c t r i c  shock i n  t h e  same 
manner ( see  lf ifor a summary, 1 , 2 ) .  Sound l o c a l i z i n g  behavior i n  
t h e  r a t ,  c a t ,  and monkey has been s t u d i e d  under s i m i l a r  (food) 
reinforcement cond i t ions .  I t  is  c l e a r  from a comparison of 
l ea rn ing  rates by the t h r e e  spec ie s  t h a t  monkeys l e a r n  t o  make 
c o r r e c t  sound l o c a l i z i n g  approach responses much more slowly 
than c a t s  o r  even ra t s  (9 ,  1 5 ) .  I t  has been suggested t h a t  t h e  
slow r a t e  of aud i to ry  d i sc r imina t ion  l ea rn ing  i n  monkeys is r e l a t e c  
t o  a n a t u r a l  avers ive  r e a c t i o n  t o  un fami l i a r  sounds. I n  t h e  n a t i v e  
h a b i t a t  novel sounds - i r s u a i l y  l e a d  t o  f l i g h t  o r  f r e e z i n g  responses 
by monkeys. I n  t h e  usua l  l abora to ry  d iscr in i ina t ion  s i t u a t i o n  t h e  
f r eez ing  response i s  t h e  only  one a v a i l a b l e  t o  t h e  animals 
presented  wi th  an un fami l i a r  sound. This  n a t u r a l  f r e e z i n g  response 
must then  be overcome before  t h e  monkey can begin performing t h e  
experimental ly  def ined  c o r r e c t  response t o  the  aud i to ry  s t i m u l i .  
This i n t e r p r e t a t i o n  o f  t h e  r e t a r d e d  r a t e  of must  aud i to ry  d i s -  
c r imina t ion  l e a r n i n g  by monkeys i s  supported by s t u d i e s  of t h e  
effect  of novel and f a m i l i a r  aud i to ry  s t i m u l i ,  on a c t i v i t y  l e v e l  
( 3 ) ;  by s t u d i e s  of t he  comparative ease wi th  which monkeys l e a r n  
a response which t u r n s  o f f  a sound of  moderate i n t e n s i t y  (S); 
and t h e  coniparative r a p i d i t y  wi th  which monkeys l e a r n  a sound 
l o c a l i z i n g  response which requi'res them t o  move away from t h e  
sound source coms;;ared t o  the  r a t e  when monkeys l e a r n  t o  l o c a l i z e  
a sound by moving toward the  sound source ( IS ) .  
The e l e c t r o p h y s i o l o g i c a l  and anatomical s t u d i e s  of t h e  monkey 
aud i to ry  system a r e  r e l a t i v e l y  few i n  number compared t o  those  
which have been made o f  cat (summarized i n  16) .  Both the  l i m i t s  
and the  o rgan iza t ion  of  t h e  tha lamocor t ica l  p o r t i o n  of t h e  monkey 
aud i to ry  system a r e  only c rude ly  understooci compared t o  our know- 
,ledge of t h e  cat  aud i to ry  system. However, both anatomical and 
e l e c t r o p h y s i o l o g i c a l  s t u d i e s  of t h e  monkey aud i to ry  system agree 
t h a t  a small a r e a  on t h e  s u p e r i o r  temporal p l ane  of t h e  Sylv ian  
su lcus  is c l e a r l y  an important p a r t  of t h e  cor t ica l .  aud i to ry  
a rea .  The degree of involvement i n  the  mediation of  audi tory  
input  of surrounding c o r t i c a l  a r e a s  i s  no t  a t  a l l  c l e a r  whether 
w e  look t o  t h e  anatomical ,  e l e c t r o p h y s i o l o g i c a l  o r  behaviora l  
s t u d i e s .  
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A t  a conference o f  t h i s  natxrxre such cons ide ra t ions  as the  
l e a r n i n g  r a t e ,  or of our  r e l a t i v e  ignorance as jus: noted might 
seem out  o f  p l a c e ,  except  t h a t  we are t r y i n g  t o  e s t ima te  t h e  
use fu lness  cf t h e  infrahuman pr imate  as a s u b j e c t  of aud i to ry  
i n v e s t i g a t i o n s .  This i s  not t o  sugges t  t h a t  t h e  d i f f e r e n c e s  
t o  be noted n e c e s s a r i l y  reflect  any new s t r u c t u r a l  o r  f u n c t i o n a l  
d i f f e r e n c e s  i n  t h e  monkey aud i to ry  system compared t o  c a t  o r  
human. ( I t  has long been known t h a t  t h e  tha l amocor t i ca l  p o r t i o n s  
of t h e  .carnivora aud i to ry  system a r e  i n  p ropor t ion  t o  t h e  
remainder of t h e  thalamus and the  c e r e b r a l  c o r t e x  much l a r g e r  
than  i s  t h e  case  i n  p r ima tes . )  On t h e  o t h e r  hand it may mask 
t h e  g r e a t e r  u se fu lness  of t h e  monkey i n  experimental  s t u d i e s  
aimed a t  a b e t t e r  understanding of human aud i to ry  d i s o r d e r s .  
O r  it may simply r e f l e c t  s p e c i e s - s p e c i f i c  aud i to ry  behaviors  which 
r a i s e  new b a r r i e r s  t o  t h e  at tempt  t o  br idge  t h e  animal exgerirnent- 
a t i o n  human c l i n i c a l  g a j j .  
I t  might be i n t e r e s t i n g  t o  a group i n t e r e s t e d  i n  sensory 
capac i ty  i n  normal and malfunct ioning organisms t o . , b r i e f l y  
summarize some of what i s  known concerning monkey aud i to ry  capacit;, 
A now somewhat da ted  summary was publ i shed  i n  1964 (15, 16 ) .  
S tud ie s  of  abso lu t e  i n t e n s i t y  th re sho lds  i n  normal monkey r epor t ed  
t h a t  up t o  about 2000 cps ,  t h re sho lds  f o r  humans and monkeys 
a r e  w i t h i n  - + 5db of each o t h e r  and between 2000 and 16000 cps 
monkeys a r e  i n f e r i o r  (9-25  db) t o  humans. The upper frequency 
l i m i t  f o r  monkey has  no t  been determined, but  t h e y  a r c  c l e a r l y  
capable  of d e t e c t i n g  sounds about 30 kc. (1, 2 ,  11) .  Apparently 
5 
t h e r e  have no t  been any s t u d i e s  of d i f f e r e n t i a l  frequency o r  
i n t e n s i t y  th re sho lds  i n  monkeys publ i shed  t o  d a t e .  Monkeys have 
been t r a i n e d  t o  lriake frequency d i sc r imina t ions  (15 summary, 6 ) .  
Monkeys have been t r a i n e d  t o  make t o n a l  p a t t e r n  d i sc r imina t ions  
approximately as r e a d i l y  a s  c a t s  when shock motivated (4 ,  8 ) .  
Monkeys can a l s o  l e a r n  t o  make sound l o c a l i z i n g  responses i n  a 
f r e e  f i e l d  s i t u a t i o n ,  but t h e i r  performance l e v e l  a t  smal l  angles  
has  not  been s t u d i e d  a s  e x t e n s i v e l y  a s  t h a t  of cats and t h u s  
t h e i r  apparent ly  poorer  performance i s  hard t o  eva lua te .  O the r  
experiments have shown t h a t  monkeys can d i s c r i m i n a t e  an i n t e r -  
m i t t p n t  white  no i se  s t imulus  from an e s s e n t i a l l y  continuous white 
no i se  s t imulus  (133. 
Auditory behavior  i n  b r a i n  damaged monkeys 
I n  p r e s e n t i n g  t h e  d a t a  on s t u d i e s  of aud i to ry  d i sc r imina t ion  
i n  brain-damaged monkeys it i s  necessary t o  keep c l e a r l y  I n  mind 
t h e  r e l a t i v e  na tu re  of s ta tements  concerning capac i ty  losses. 
Statements about sensory capac i ty  l o s s e s  must always be q u a l i f i e d  
by information spec i fy ing  t h e  type and e x t e n t  o f  t r a i n i n g .  This 
i s  e s p e c i a l l y  t r u e  when t h e  damage t o  t h e  sensory system i s  more 
c e n t r a l l y  l o c a t e d  than when p e r i p h e r a l  s t r u c t u r e s  a r e  involved 
(no h e a r t  - no c i r c u l a t i o n ;  no i n n e r  e a r  - no hear ing ,  e t c . ,  bu t  
no aud i to ry  c o r t e x  - under some cond i t ions  no normal aud i to ry  
d i sc r imina t ion  behavior)  . 
The s t u d i e s  of t h e  e f f e c t  of t ha l amocor t i ca l  aud i to ry  system 
l e s i o n s  i n  monkey have involveci only a l i m i t e d  number of  aud i to ry  
d isck imina t ion .  The e f f e c t  of temporal lobe l e s i o n s  on abso lu te  
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i n t e n s i t y  th re sho lds  i n  monkeys have been only i n c i d e n t a l l y  
repor ted ,  bu t  p o i n t  t o  t h e  probable  e f f e c t  a s  being n e g l i g i b l e  
(summary 16), r e i n f o r c i n g  t h e  d a t a  obta ined  from c a t  studies. 
The effect  of aud i to ry  c o r t e x  l e s i o n s  on t o n a l  p a t t e r n  d i sc r imin -  
a t i o n s  is  as severe as t h a t  r epor t ed  f o r  cats w i t h  t h e  irnportaat  
q u a i i f i c a t i a n  t h a t  t h e  p r e c i s e  c o r t i c a l  a r e a s  r e spons ib l e  f o r  t h e  
Xoss are not  as c l e a r l y  d e l i n e a t e d  f o r  monkeys ( 4 $  8) .  Monkeys 
with  t o t a l  removal of  t h e  s u p e r i o r  temporal p lane  focal aud i to ry  
area e x h i b i t  long-lasting d e f i c i t s  i n  the a b i l i t y  t o  make 
i n t e r m i t t e n t  no i se  d i sc r imina t ions  ( 1 3 ) .  
In the study of  sound l o c a l i z i n g  behavior  i n  t h e  brain-damage6 
rnonkeys . a number of i n t e r e s t i n g  f i n d i n g s  have r e s u l t e d .  
(1) When t h e  s u p e r i c r  temporal p l ane  f o c a l  aud i to ry  a r e a  i s  a t  
l e a s t  80% removed in both hemispheres, t h e  l o c a l i z a t i o n  d e f i c i t s  
i s  . 'profound and l a s t i n g  a.t angular  s epa ra t ions  of 180°, 90* 
40°, ZOO ,  10' and 5 O .  This c o n t r a s t s  somewhat wi th  t h e  r e s u l t s  
r epor t ed  f o r  the c a t  which do n o t  show such a profound d e f i c i t  f o r  
angles  l a r g e r  than  40'. (2 )  C o r t i c a l  l e s i o n s  which inc lude  l a r g e  
a r e a s  o f  l a t e r a l  s u r f a c e  c o r t e x  surrounding t h e  Sylv ian  su lcus  do 
not  l ead  t o  any g r e a t e r  d e f i c i t s  than those  aimed only a t  t h e  
s u p e r i o r  temporal p lane  aud i to ry  a rea .  Nor i s  t h e  e x t e n t  o r  
dens i ty  of medial gen icu la t e  body degenerat ion fol lowing t h e  
more i n c l u s i v e  l e s i o n s  any g r e a t e r  than i n  animals w i th  t h e  
smaller a u d i t o r y  l e s i o n .  (3)  When making l e s i o n s  of t h e  s u p e r i o r  
temporal p lane  aud i to ry  focus it is  almost impossible  t o  do so  
without  damaging l a t e r a l  s u r f a c e  s u p e r i o r  temporal gyrus co r t ex  
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and/or v e n t r a l  l a t e r a l  s u r f a c e  p a r i e t a l  and p a r i e t a l  opercular  
c o r t i c e s .  When c o n t r o l  l e s i o n s  o f  surrounding c o r t e x  were made, 
spa r ing  the  s u p e r i o r  teriqoral  p lanc ,  t h e  p a t t e r n  of behaviora l  
d e f i c i t s  was d i f f e r e n t .  With only t h e  l a t e r a l  s u r f a c e  of  tiie 
- s u p e r i o r  temporal gyrus removed monkeys showed depressed , 
performance l e v e l s  p r i m a r i l y  a t  tiie s m a l l e r 4 m g u l a r  s e p a r a t i o n s  
(ZO”, l o o ,  and S o > ,  but  no t  t h e  profound d e f i c i t  a t  a l l  angles  
found when aud i to ry  c o r t e x  i s  removed i n  a d d i t i o n .  However, 
con t r a ry  t o  t h e  case  i n  animals wi th  s u p e r i o r  temporal p l ane  
removals, t h e r e  was no d e t e c t a b l e  medial gen icu la t e  body degener- 
a t ion .  ( 4 )  When t h e  l a t e r a l  s u r f a c e  l e s i o n  inc ludes ,  i n  a d d i t i o n  
t o  the  l a t e r a l  s u r f a c e  s u p e r i o r  temporal gyrus,  p o r t i o n s  of a l l  
of t h e  angular  gyrus,  v e n t r a l  p o s t  c e n t r a l  gyrus9  marginal gyrus ,  
and a n t e r i o r  s u p e r i o r  p a r i e t a l  gyrus t h e  behaviora l  d e f i c i t  on 
sound l o c a l i z a t i o n  i s  no g r e a t e r  than  those  cases  i n  which j u s t  
t h e  l a t e r a l  s u r f a c e  s u p e r i o r  temporal gyrus was removed, even 
i f  t h e  l e s i o n  invaded the s u p e r i o r  tem2oral plane arid r e s u l t e d  
i n  removal of up t o  2 5 %  of t h e  f o c a l  aud i to ry  a rea .  ( 5 )  An 
h d d i t i o n a l  f i n d i n g  may come as a s u r p r i s e  t o  some, i . e . ?  the  
c o n s i s t e n t  impairinent of  sound l o c a l i z i n g  behavior e x h i b i t e d  by 
monkeys wi th  b i l a t e r a l  p r e f r o n t a l  lobe  l e s i o n s .  The f r o n t a l  
aud i to ry  d e f i c i t  seeas t o  be less profound than t h a t  fol lowing 
removal of t h e  s u p e r i o r  temporal p lane  aud i to ry  cortex.  This 
suggestiorr a r i s e s  f r o n  t h e  f a c t  t h a t  monkeys wi th  f r o n t a l  l e s i o n s  
show inore c o n s i s t e n t  p o s t  ope ra t ive  improvement “Lan do animals 
w i t h  aud i to ry  l e s i o n s .  This improvement i s  most grominent f o r  
angular  s epa ra t ions  of f80°, 90°  and 40’ but  no t  f o r  sma l l e r  
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angles  when t h e s e  have bee2 t e s t e d .  I t  should be noted t h a t  
a f r o n t a l  aud i to ry  de-Eicit  has  been r epor t ed  f o r  a number of  
types  of d i s c r i m i n a t i o n s ;  frequency d i sc r imina t ions ,  d i f f e r e n t i a t -  
i o n s  between chopped n o i s e  and s t eady  no i se ,  no ise  vs. tone,  as 
w e l l  as t h e  l o c a l i z a t i o n  of sound sources  ( see  1 6  f o r  review 
oE t h e s e  s t u d i e s ) .  
- B a r r i e r s  "- and Bridges 
The s c a r c i t y ,  and comparative d i f f i c u l t y ,  of anatomical and 
e l e c t r o p h y s i o l o g i c a l  s t u d i e s  o f  t h e  monkey aud i to ry  system a r e  
a r e a l  b a r r i e r  t o  t h e  most e f f e c t i v e  use of  monkeys as s u b j e c t s  
i n  s t u d i e s  of aud i to ry  func t ioning .  There a r e  however a number 
of l a b o r a t o r i e s  : working  on some of  t h e s e  problems. The d i f f i -  
c u l t i e s  encountered i n  t r a i n i n g  monkeys t o  make aud i to ry  d i sc r imin -  
a t i o n s  can be a t t e n u a t e d  i n  s e v e r a l  ways. The use of shcok 
avoidance t r a i n i n g  techniques appears  t o  speed d i sc r imina t ion  
l e a r n i n g  without  changing such c r i t i c a l  measures as  abso lu t e  
i n t e n s i t y  th re sho lds  ( 2 ) .  The f r o n t a l  lobe  paradox may o r  may 
not  be a s p e c i e s - s p e c i f i c  b a r r i e r  t o  t h e  use of monkeys. I n  a 
pre l iminary  s tuay  of c a t s  t r a i n e d  t o  d i sc r imina te  t o n a l  p a t t e r n s  
i n  a shock avoidance s i t u a t i o n  i n  our l abora to ry  only one o f  f o u r  
animals wi th  b i l a t e r a l  f r o n t a l  lobe  removal showed a s i g n i f i c a n t  
pos t -ope ra t ive  d e f i c i t .  However, the  use of shock, may be 
t h e  s i g n i f i c a n t  f a c t o r  i n  t h i s  stuciy r a t h e r  than  a spec ie s  - 
d i f f e r e n c e .  Symmes (14)  has r epor t ed  a t t e n u a t i o n  of t h e  f r o n t a l  
aud i to ry  deficit i n  monkeys when counter  shock f o r  i n c o r r e c t  
responses was used. The s t g d i e s  OS J e r i s o n  (4) and Oder (8) a l s o  
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r epor t ed  f a i r l y  r a p i d  l ea rn ing  of aud i to ry  d i sc r imina t ions  
by monkeys i n  shock avoidance s i t u a t i o n s .  
I t  i s  d i f f i c u l t .  t o  po in t  t o  any s i n g l e  f i n d i n g  concerning t h e  
audi tory  d i sc r imina t ion  behavior  of b r a i n  damaged monkeys and 
say  t h a t  t h e  monkey f ind ings  are more analogous t o  t h e  human 
c l i n c i a l  p i c t u r e  than t h e  d a t a  from lower spec ie s .  Symines (13) 
r e p o r t s  t h a t  brain-damaged monkeys have d e f i c i t s  i n  t h e  a b i l i t y  
t o  d i f f e r e n t i a t e  chopped no i se  from s teady  no i se  which a r e  - 
s i m i l a r  t o  t he  r e s u l t s  he obta ined  i n  humans (12).But t h i s  t a s k  
has not  been s t u d i e d  i n  1ower . spec ies .  
There are t h r e e  types  o f  d i sc r imina t ions  which a r e  c l e a r l y  
a f f e c t e d  by b i l a t e r a l  damage t o  t h e  tha lamocor t ica l  aud i to ry  
system of monkeys: (1) t h e  d i sc r imina t ion  of t o n a l  p a t t e r n s ;  
( 2 )  t he  d i sc r imina t ion  o f  chopped no i se  from s teady  no i se ;  and 
( 3 )  sound l o c a l i z i n g  behavior.  Uncier more c a r e f u l l y  corr t rol led 
s t imulus involving t h e  use o f  headphones, it should be p o s s i b l e  
t o  develop d i sc r imina t ion  t a sks  of t h e  j u s t  named type  which 
can b e  used t o  s tudy  t h e  e f fec t  05 u n i l a t e r a l  l e s i o n s ,  l e s i o n s  of 
t h e  in te r -hemispher ic  commissures, and o t h e r  l e s i o n s  which w i l l  
be more s imilar  t o  t h e  types  of damage r e s u l t i n g  i n  human a u d i t o r y  
impairment (17). I suspec t  t h a t  monkeys can l e a r n  t o  perform 
many d i a g n o s t i c  t e s t s  c u r r e n t l y  used with humans - e s p e c i a l l y  
those  used wi th  p r e -  o r  non-languaged ch i ld ren .  For a number of 
t h e s e  s t u d i e s  w e  t h i n k  t h a t  d a t a  from monkeys w i l l  be more u s e f u l  
t han  t h a t  from c a t s  f o r  t h e  understanding of human aud i to ry  
func t ioning .  We are c u r r e n t l y  involved i n  sQch a program of  
research .  
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